The eYcacy of open chest cardiac compressions (OCCC) to provide adequate systemic and cerebral perfusion is well established in the medical literature. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] The work of Rubertsson et al 1 11 in an animal model, demonstrated the better systemic perfusion achieved with OCCC, especially during the important relaxation phase when coronary perfusion occurs. On human cardiac arrest, Boczar et al 2 found a significant diVerence between the coronary perfusion pressure achieved with closed chest (7.3 +/− 5.7 mm Hg) and open chest (32.6 +/− 17.8 mm Hg) cardiac compressions. Open chest technique was the only one to provide more than 15 mm Hg, the level recommended to achieve return of spontaneous cardiac output (ROSC). 3 Cerebral resuscitability seems to be increased by the absence of increased intracranial pressure associated with increased intrathoracic pressure on the compression phase of chest compressions, [6] [7] [8] and post-resuscitation physiological parameters are also better with open chest techniques. 8 9 Resuscitability decreases over time despite optimal management. Safar 12 recognised unresponsiveness to closed chest compressions as an indication for thoracotomy. Closed chest compressions have dubious benefits in prolonged asystole or electromechanical dissociation resistant to advanced life support (ALS), discontinuation of resuscitation being advised after 15 minutes. 13 Open chest techniques could oVer the opportunity to improve the outcome in those patients in asystole or electromechanical dissociation who do not respond to conventional ALS within this period of time.
The frequent use of the open chest technique in the department led to the design of a data collection form to evaluate the eYcacy of the technique. Our aims were to assess the eVect of OCCC on physiological variables and outcomes in adult patients suVering prehospital non-traumatic cardiac arrest, presenting with non-shockable rhythms on arrival at the emergency department.
Methods

DESIGN
Prospective observational study of outcomes and physiological parameters during OCCC for non-traumatic pre-hospital cardiac arrest.
SETTING
The North StaVordshire Hospital emergency department has a designated resuscitation team, led by the accident and emergency registrar or the critical care fellow. The department receives the pre-hospital cardiac arrests for the North StaVordshire area. The pre-hospital ALS interventions are delivered by the Staffordshire Ambulance Service Paramedics.
SUBJECTS
The criteria for inclusion were: cardiac arrest with a non-shockable rhythm on arrival at the department, failure to to achieve ROSC with adequate pre-hospital ALS (with closed chest compressions, patent tracheal tube and ventilated, and patent intravenous access), and failure to achieve ROSC during the first minutes of inhospital treatment. Low output in patients with electromechanical dissociation was excluded with Doppler, as described elsewhere. 14 The final decision to perform OCCC was taken by the resuscitation team leader, taking into account the length or absence of basic life support, the length of ALS, the absence of obvious causes for the condition (for example, pneumothorax, hypovolaemia, hypothermia, etc), the absence of indications for other interventions (for example, pacing for maintained atrial activity) and the absence of obvious contraindications for resuscitation.
This report concerns the interventions performed from January to May 1998. Individual arrest data were collected following the out of hospital arrest Utstein Style recommendations, 15 as applicable to individual patients.
INTERVENTIONS
Except for the thoracotomy and OCCC, ALS protocols 13 16 were followed.
Thoracotomy was performed through a scalpel incision over the left 5th rib from sternum to mid-axillary line and blunt digital dissection of the 4th intercostal space muscles. A rib spreader was introduced, and the heart compressed manually approximately 100/min. Time from stopping of chest compressions to start of direct cardiac compressions was less than one minute. EYcacy was surveyed by femoral pulse palpation and non-invasive blood pressure monitoring.
OUTCOMES
Measured physiological variables were: artificial pulse palpation, non-invasive blood pressure (automated measurements), arterial blood gases, recovery of spontaneous cardiac output, recovery of spontaneous respiratory eVorts and survival to admission and to discharge.
Results (table 1)
From January to May 1998, thoracotomies for resuscitation were performed in seven patients. Ages ranged from 49 to 74 years (mean 63), all being white men. Five were witnessed arrests, and four had bystander basic life support (BLS) of variable quality, for an average of six minutes. ALS was administered to all patients by StaVordshire Ambulance Service Paramedics after an average delay of 7.3 minutes, for an average of 30.3 minutes with an average pre-hospital time of 37.6 minutes. On arrival to the emergency department, all patients had the trachea intubated and intravenous access established.
Presentation rhythm to the ambulance crew was asystole in four patients and ventricular fibrillation in the other three. On arrival at the emergency department, five patients were in asystole and two in electromechanical dissociation (one wide complex bradycardia and the other sinus rhythm).
Thoracotomy was performed within five minutes of arrival in all but one patient.
With manual compressions of the heart, all patients had palpable femoral pulses and recordable non-invasive blood pressure.
There was great variation of first recorded PO 2 and PCO 2 values between patients, but of those five patients with repeated samples, only one remained below 40 kPa and all had acceptable PCO 2 readings. On the other hand, pH and base deficit worsened in all but one patient despite the other indicators of adequate ventilation and perfusion, and, in two patients despite 50 mEq sodium bicarbonate, administered immediately after initial assessment of arterial blood gases.
Three patients had periods of spontaneous cardiac output shortly after initiation of OCCC. Two patients recovered spontaneous respiratory eVorts while on open chest cardiac massage for as long as cardiac compressions were maintained; there was no spontaneous electrical or mechanical cardiac activity and these two patients never had any period of spontaneous cardiac output.
OCCC was maintained for an average of 28 minutes, ranging from 7 to 46 minutes. For the three patients achieving ROSC, one had OCCC for seven minutes, and the other two for 40 and 46 minutes. Regarding the patients achieving spontaneous breathing, OCCC was performed for 20 and 29 minutes. Those who did not achieve spontaneous breathing or ROSC had OCCC for 22 and 32 minutes.
No patient survived to admission.
Discussion
In this series, pre-hospital times were uniformly around 35 minutes, with ALS time around 25 minutes. This seems excessive, and we would recommend an eVort to shorten the ALS intervention time. All patients included in this series had several indicators of poor outcome (table 2) . In all patients, a decision to stop resuscitation eVorts could have been justified. In each one of them the team felt further eVorts were warranted (table 3) , and the team leader decided to continue resuscitation.
When a decision to continue resuscitation eVorts was taken, and the patients complied with the criteria presented, OCCC was performed, the rationale for decision being the failure of closed chest techniques to achieve any benefits during a length of time accepted in current recommendations. 13 The timing to thoracotomy was in accordance with Takino and Okada 4 : less than five minutes from arrival at the emergency department (in all but one patient).
All patients had palpable femoral pulses during OCCC. It is important to note that the concomitant assessment of eYcacy by femoral pulse palpation and generation of measurable automated non-invasive blood pressure made apparent the need to increase the energy of OCCC in several instances.
Despite the correction of PO 2 and PCO 2 , acidosis worsened in all but one patient. Fifty mEq of sodium bicarbonate were used in three patients and shown to be ineVective in two who had repeated arterial blood sampling. Interestingly, the one who showed an improvement had not received sodium bicarbonate. These results seem to challenge the assumption that correct ventilation is the method of choice to correct pH, and suggest the need for a better understanding of the course of profound acidosis during prolonged arrest.
During two years (1996 to 1998), the StaVordshire Ambulance Service attended 3025 cardiac arrests, ROSC being achieved in 283, with 64 survivors. 17 This yields a rate of 9.4% for ROSC and 2.1% for survival.
Regarding the outcomes evaluated in our series, three patients achieved ROSC, two resumed spontaneous breathing (unrelated to ROSC), and no patient survived to admission. Of those patients who achieved ROSC, it happened two, three or eight minutes from thoracotomy. The early achievement of ROSC after initiation of OCCC is in accordance with the expected improvement on coronary and systemic perfusion. The absence of survivors in such a small series of out of hospital cardiac arrests is expected, both from the sample size and from the selection bias-non-shockable rhythms and poor outcome indicators.
The achievement of near physiological values for non-invasive blood pressure, PO 2 and PCO 2 , with two in seven patients recovering spontaneous respiratory eVorts on the sole basis of perfusion achieved by OCCC-they had no electrical or mechanical cardiac activity-and three achieving ROSC after a brief period of OCCC, seems to demonstrate a very good eYcacy of this method to achieve coronary, lung and brain stem perfusion.
Ryan et al 18 showed that cuV blood pressure may not always be related to cardiac output. Here, the improvement in arterial blood gases showed pulmonary perfusion, and we believe a physiological value for non-invasive blood pressure, along with other indicators of systemic perfusion, may be understood as minimally adequate perfusion, even without a direct relation to artificial cardiac output. Arterial lines were not practical, as only the team leader was trained to insert them, and only patient 4 had ROSC of suYcient duration for it to be considered. Safar 12 recommended OCCC in suspected massive pulmonary embolism, profound hypothermia, failure to produce an artificial arterial pulse with chest compressions and prolonged arrest times with failure of chest compressions. Current recommendations for OCCC include hyperinflation of the lungs, 16 suspected pericardial tamponade or ineVectiveness of closed chest compressions because of anatomical constraints. 13 Despite the body of evidence in favour of better performance of open chest techniques, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] teaching and performance of OCCC is still exceptional in those situations, preventing a full evaluation of the impact on outcomes. Baskett's recommendation to discontinue resuscitation after 15 minutes of asystole unresponsive to conventional ALS 13 is not correlated with Safar's recommendation of OCCC in prolonged arrest times 12 -this indication is not listed in current resuscitation guidelines. 13 16 We believe open chest techniques may improve outcome in this group of patients. The predicted poor outcome with closed chest compressions, and the theoretical advantages of open chest cardiac compressions collaborate to provide the rationale for benefit and the ethical acceptability of large prospective trials.
Our study considered the practice already in place. The absence of controls receiving closed chest compressions is a consequence of this, and also of the small numbers involved. However, this will have to be investigated if the risk/benefit of OCCC compared with closed chest compressions is to be established in larger prospective trials, but will need large numbers to overcome the variability of time intervals between pre-hospital interventions, which significantly aVect survivability.
The Hachimi-Idrissi series 5 of 33 prehospital thoracotomies shows the feasibility of open chest resuscitation, even in that challenging environment. The BLS and ALS times presented are not dissimilar to ours, and, with the caution due to the small size of our sample, ROSC achievement is also similar.
The work of Buckman et al 19 20 on minimally invasive direct cardiac massage is likely to make this technique less invasive, while retaining its eYcacy.
Conclusions
The improvement in PO 2 and PCO 2 observed in this small series suggests eVective pulmonary perfusion, and the recovery of spontaneous respiratory eVorts in two patients during OCCC is strongly suggestive of eVective brain stem perfusion. The short time from thoracotomy to achievement of ROSC in three patients suggests improved coronary perfusion. Together with the generation of near physiological automated blood pressure measurements, our results suggest adequate systemic perfusion with OCCC.
The failure of eVective perfusion and ventilation to control acidosis, and the failure of 50 mEq of sodium bicarbonate to produce visible eVects, deserve further investigation.
The results of this small series support the usefulness of larger prospective trials.
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